Abstract:Genome shuffling is an efficient approach for the rapid engineering of microbial strains 10 with desirable industrial phenotypes. In this study, we used genome shuffling in an attempt to improve 11 fengycin production of the wild-type strain Bacillus amyloliquefaciens ES-2-4 . After two rounds of 12 genome shuffling, a high-yield recombinant F2-72 (FMB72) strain that exhibited 8.30-fold increases 13 in fengycin production was obtained. Comparative analysis of synthetase gene ( fenA) expression was 14 conducted between the initial and shuffled strains using FQ (fluorescent quantitation) RT-PCR. Delta 15 CT (threshold cycle) relative quantitation analysis revealed that fengycin synthetase gene ( fenA ) 16 expression at the transcriptional level in the FMB72 strain was 12.77-fold greater than in the ES-2-4 17 wild type. The shuffled strain has a potential application in food and pharmaceutical industries. At the 18 same time, the analysis of improved phenotypes will provide more valuable data for inverse metabolic 19 Bacillus strains can produce many types of bioactive peptides that are synthesized 1 non-ribosomally by a large multifunctional enzyme complex. Of these, the lipopeptide 2 fengycin has specifical anti filamentous fungal activity (Vanittanakom et al. 1986). is particularly significant to improve fengycin production in industrial Bacillus strains.
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Bacillus strains can produce many types of bioactive peptides that are synthesized 1 non-ribosomally by a large multifunctional enzyme complex. Of these, the lipopeptide 2 fengycin has specifical anti filamentous fungal activity (Vanittanakom et al. 1986 ). is particularly significant to improve fengycin production in industrial Bacillus strains. 12 Genome shuffling is an efficient approach for the rapid improvement of microbial 13 phenotypes (Zhang et al. 2002) . Genome shuffling involves generation of mutant strains 14 that have an improved phenotype, followed by multiple rounds of protoplast fusion to 15 allow recombination between genomes (Zhang et al. 2013; Zhang et al. 2014; Lv et al. 16 2013). A strain with a high yield of a desired product can rapidly be obtained by genome 17 shuffling without knowledge of the metabolic regulatory mechanism. Two rounds of 18 genome shuffling were shown to be sufficient to achieve results that had previously 19 required 20 rounds of mutagenesis and screening (Zhang et al. 2002) . In the present study, 20 genome shuffling was used to increase the yield of fengycin from B.amyloliquefaciens.
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The mechanisms that gave rise to the improved traits were explored by detecting the fenA 
